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SUMMARY

This report discusses the frequency and types of Low-Level Wind Shear
Alert System (LLWAS) wind shear alarms for the period of the JAWS experiment
during the thunderstorm season of 1982, reviewing distributions of wind speed
and wind shear measurements. Over 2 million observations from the Stapleton
LLWAS system form the basis for statistics developed in this report. We pre-

sent examples when the LLWAS data were valuable in helping aircraft avoid
hazardous wind shear situations. Conversely, some wind shear alarms occurred
on days with few microbursts, and the flows causing many of these alarms, we

find, are unlikely to be a hazard to aircraft.

Comparing LLWAS alarms with meteorological data from an array of surface

stations and other sources we found that:

0 101 (16.3%) alarms were related to microbursts,

• 75 (12.1%) were related to gust fronts,

* 145 (23.3%) were related to isolated gusts,

* 300 (48.3%) were related to other sources.

it is this last group of alarms (clearly not related to gust fronts or micro-

bursts) that need to be characterized in terms of meteorological sources and
wind shear severity. Because we lack detailed meteorological data covering

the lowest 300 meters for most alarms, we cannot perform a complete charac-

terization in this report. An important observation is the large number
(145) of alarms involving isolated gusts (one or two isolated triggers near
the 15 kt threshold level). Our study suggests that a large number of false
alarms could be eliminated by requiring an alarm to consist of 3 or more con-
securive triggers. The FAA is currently testing this concept.

The data set indicates that denser sensor spacing and timely detection

and dissemination are critical needs. Recommendations range from software
changes (e.g., an additional processing path will increase the effectiveness

of the centerfield sensor) to applications of advanced array processing
theory. We recommend recording of IIWAS data at all operational sites to
permit not only monitoring and evaluation of operating systems, but also the
development of statistics on microhrst frequency-of-occurrence. A key
recommendation is that LLWAS systems he improved and these Improvements
Inst.-i led at ,11 1 major airports.

p7 ... *.J.......................
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EXECUTIVE SUMMARY

This report dIscuRses the frequency and types of Low-Level Wind Shear
Alert System (LLWAS) wind shear alarms for the period of the JAWS experiment
during the thunderstorm season of 1982, reviewing distributions of wind speed
and wind shear measurements. Over 2 million observations from the Stapleton
LLWAS system form the basis for statistics developed in this report. We pre-

sent examples when the LLWAS data were valuable in helping aircraft avoid
hazardous wind shear situations. Conversely, some wind shear alarms occurred

on days with few ndcrobursts, and the flows causing many of these alarms, we
find, are unlikely to be a hazard to aircraft.

Comparing LLWAS alarms with meteorological data from an array of surface
stations and other sources we found that:

- 101 (16.3%) alarms were related to microbursts,

" 75 (12.1%) were related to gust fronts,

* 145 (23.3%) were related to isolated gusts,

a 300 (48.3%) were related to other sources.

It I this last group of alarms (clearly not related to gust fronts or micro-
bursts) that need to be characterized in terms of meteorological sources and
wind shear severity. Because we lack detailed meteorological data covering
the lowest 300 meters for most alarms, we cannot perform a complete charac- .

terization In this report. An important observation is the large number

(145) of alarms involving isolated gusts (one or two isolated triggers near
the 15 kt threshold level). Our study suggests that a large number of false
alarms could be eliminated by requiring an alarm to consist of 3 or more con-

- secutive triggers. The FAA is currently testing this concept. A summary of
"* the limitations of the LLWAS include the following:

0 There are temporal and spatial resolution limitations restricting
the reliable and timely detection of microbursts.

• Vert tcali motions are not sensed directly, and there is no prior
warning of the descending downdraft until the hazardous, strong

horizontal flows already exist.

A variety of mechanisms (such as shallow temperature inversions near
the striace) can prevent the horizontal winds from penetrating to
surface-based wind sensors.

* Whid shear events outside of a 3 km radius of the airport are not

covered, which may be a deficiency if a wind shear encounter occurs
along the glide slope or departure path outside of this 3 km radius
or if wind shear -ystems are translating from outside the covered
rvton into the lower portions of the glide slope.

The dat qet Indicar-, that ,i',.qor qensor spacing and timely detection
and di4s infnlition ire critical needs. Some of the key recommendations for
improving the system aro:

.-...."* ."'*.... -"%"-_"_"

,-.,-.... .'-. - -. _-,.,.-.....") _._., - _,,. ..... -..................................... . . . .



-r- - - . - - . .. . . . . " - . . .. -.- --.- "' 7 . - " . . 7

xi

* Add an additional processing path to increase the effectiveness of

the centerfield anemometer.

* Consider the application of signal processing techniques ranging

from alternative algorithms to an exhaustive re-examination of

sampling theory concepts providing improvements in wind sheat detec-

tion and identification as well as reducing false alarms.

* Investigate the benefits of increasing the number of sensors and

reducing the spacing between them.

* Investigate the effects of averaging on the detection of gust fronts

and microbursts.

* Recommend recording of LLWAS data at all operational sites to permit

not only improved monitoring and evaluation of operational systems,
but also the development of nationwide statistics on microburst
frequency-of-occurrence.

* Apply remote sensing technology to provide earlier warnings.

The LLWAS is the only currently available system for detecting wind shear

on a regular basis. It is recommended that the LLWAS system be substantially

improved and these improvements installed in existing LLWAS systems at all

major airports.

-L.

....... ..... ............. .. . . .. . . . *. **
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ABSTRACT

The LLWAS system operated from May through September 1982 as a

part of the JAWS experiment. The data base obtained provided sta-
tistics and case studies permitting evaluation of the LLWAS system
and comparisons with other low-altitude measuring systems. Analyses
of the data set indicate LLWAS capabilities requiring improvements.
These include better spatial resolution, improved detection algo-
rithms, and application of internal system checks for maintenance
and evaluation. There is a great need to record and analyze exist-
ing LLWAS at airports not only to evaluate specific system opera-

tion, but also to develop detailed climatologies of airport wind
shear.

I. INTRODUCTION

During the summer of 1q82, the Joint Airport Weather Studies (JAWS)

Project was conducted near Denver's Stapleton International Airport. The
experiment laid three major objectives: basic scientific examination of the
convectively driven mncroburst, investigation of various aspects of aircraft
performance in microburst situations, and examination of a number of detec-
tion and warning systems for low-altitude wind shear. The experiment was
p)erformed jointly by the National Center for Atmospheric Research (NCAR) and
the lUniv,'rrsity of Chicago, under grants, contracts, and agreements with the
National Science Foundation (NSF), the Federal Aviation Admintstratton,(FAA),
the National Aeronautics and Space Administration (NASA), and the National
Oceanic and Atmospheric Administration (NOAA).

Detnils rea ardlng the scientific background of the JAWS Project can be
found in F jita and Byers (1977), Fuijita and Caracena (1977), Fujita (1981),
Bedarl (1982), and McCarthy et al. (1982). Recent scientific results from
the proect :ire presented in McCarthy et al. (1983), Wilson and Robe rts
(1983), KeSsin?.,r et al. (1983), Frost et al. (1983), Caracena et al. (1Q83),
and F1jit8i aid Wak Inote ( 193). The TAWS Project operational planning docu-
mont and 111(- data sulmmirv (see JAWS, 192; 1983) are availahlo from the JAWS
Project at NCAR.

The cunpa1 i lit Ies of arrays of an.mometIers to detect and warn of
approachins. p!.st fronts are well documonrod in the literature [e.g., Goff
(1)80), Bed'lvl et ,ii. (IQ/LQ)1. Ilowevor, similar evaltiAttons have not been
made for ;ir)t'l,)mn tr detec tion of microbrsts. lence, an important focus of

. . ..
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Ihis rvport is a comparison between II,WAS and microbirst statiitic-.
Althotigh the LbWAS system was nol designed to detect miicrohursts, we witi
attempt to identify strengths and weaknesses of the 1.IWAS for providing
mtrrJhirst warnings.

1.1 The Context of Ihe Experiment

One of the three major objectives of the JAWS Project is the evaluation

of a number of detection and warning systems for low-altitude wind shear,
including the FAA's low-level wind shear alert detection system (LLWAS), a
terminal Doppler radar concept, the NOAA pressure jump array system, and
several airborne systems. The JAWS Project is testing as many of these
systems as is feasible using a broad set of convective microburst data. By
collecting complete details on such events from a large number of sensors, we

can compare the full capabilities of the systems.

Ideally, any technological solution to wind shear detection and warning

must provide the following to the users, presumably controllers and pilots:

(1) A high probability of detection
(2) A low number of false alarms
(3) Accurate measurement of the level of hazard
(4) A high degree of automation of the hazard information
(5) A clear, direct transfer of the hazard information to the

aviation users.

The JAWS Project has investigated many but not all of these characteris-
tics individually and comparatively. For example, many of the above quali-
ties are addressed in Wilaon and Roberts (1983) for a terminal Doppler radar
as a remote detection and warning system.

1.2 Objectives of the Study

This is an interim report on the statistics of the LWAS system using
data from LLWAS recorded by the FAA at Stapleton International Airport
during the JAWS Project. This report addresses the following subjects from a
statistical point of view:

p
(I) General statistics of the LLWAS in JAWS:

* Statistical summary of wind speed events

* Statistical summary of wind shear events
0 Statistical summary of triggers
0 Statistical summary of alarms p
* Summary statistics

(2) Comparison of LLWAS alarms with microburst statistics

obtained with PAM system

(3) Preliminary discussion of simple algorithm improvements

(4) 3ugg(!stions for creating batch statistics on a routine
basis as a means of checking operation and guiding

maintenance

° o

...................................................
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(5) Preliminary recommendations from this study regarding the
future of the LLWAS.

A parallel effort is under way to evaluate the LLWAS operation using
case study comparisons with NCAR's Portable Automated Mesonet (PAM) and other
supporting meteorological data. The results of that study will be reported
separately. Furthermore, an additional effort is underway to examine
improved station geometry and detection algorithms, also to be reported
separately.

2. A DESCRIPTION OF THE LLWAS SYSTEM

2.1 Basic Technical Description
and the Mode of Operation in JAWS

The LLWAS was developed following the airline crashes of the mid-1970's
and as a response of the FAA's Wind Shear Office. Initially recommended by
NOAA's National Severe Storms Laboratory, the system is designed as a surface
in situ wind measuring array centered on and around the airport.

A report by Goff (1980) reviews the bases for the design of the LLWAS
and provides details of the hardware and software. Reports by Goff et al.
(1977), Lee et al. (1978), and Bedard et al. (1979) provide more background
on the use of surface sensors for the detection of low-altitude wind shear.
In this section we review operational characteristics of the LLWAS to aid in
understanding the statistics presented in this report.

A typical system consists of a centerfield sensor and five boundary sen-
sors usually located about 3 km from the center site and situated to favor
the instrument landing system middle marker location of each airport runway.
The sensors are propeller/vane anemometer systems, sited at various heights
from 6 to approximately 20 m AGL, to obtain clear airflow measurements above
terrain and obstructions.

The LLWAS is controlled by a central miniprocessor (usually located in
the control tower), which performs the following calculations:

(1) It maintains a 15 scan (-2 mnm) running average of the centerfield
wind. This information is continuously displayed in the tower and is used by
controllers and pilots. Standard gust component is also calculated and
displayed for this site.

(2) Once every 7-10 s the miniprocessor compares the -8 s RC low-pass
filtered wind from each boundary site with the 15 scan (-2 min) average wind
at centerfield. The filter is determined by values of a resistor (R) and
canacitor (C) network connected to the anemometer output. A vector dif-
ference computation is made; and if a 15 kt threshold is reached or exceeded,
an alert ii given to the tower controller. Normally only the centerfield
averaje wind, plus gust component if appropriate, is displayed; but if the
wind :4,iar thr-shold Is exceeded, then the wind velocity at the appropriate
boundary ainm-neter is displayed. The controller may, however, choose to
display ;ny or all sectors at one time.

..._.._....... ................... - ,,. .... • . ,.. .."....... .. . . .- - .- -*;II' '-' 'L''.-'.- ,LC ''--- .*-L .**. '- "_', -. ,.C' '
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Figure I stimmarizes the operational characteristics of the LLWAS system.
in this figure tile characteristics listed in brackets are those for thep LLWAS system as operated during the JAWS Project. Normally data are not
recorded for LLWAS systems. The addition of data recording to the Stapleton
LLWAS during JAWS increased the scan interval from 7-10 s to -11 a, with a
consequient increase of the centerfield 15 scan running average _. about 2.75
min.

When any given peak wind from the centerfield anemometer exceeds the cen-
terfield 15 scan mean wind by 9 kts, the peak windi value appears on the con-
trol tower display. This peak wind value is displayed for 15 scans unless:

(a) on a new scan the old value Is exceeded. If this happens the new
scan valuie replaces the old;

(b) the centerfield mean wind increases to a value that is within 9 kts
of the peak gust.

The wind -;hear ca le' tat ton is based on a gust front advect ion hypothesis,
* which detects time sudden onset of a discrepancy between the wind from a boun-

dary site and that from the ('enterfield site. The LLWAS was designed for the
detection of advecting winm-hift lines occurring on scales of the size of the
anemometer array (-6 kin) or larger. The present system was not designed to
detect inicrobursts. However, we will proceed to evalaute LLWAS potential for

* providing microburst warnings.

The LLWAS system used at Stapleton during thle JAWS Project applied two
software modifications (patches) intended to reduce the number of alarms
under certain meteorological conditions. Data processed were subjected to
thle additional criteria described below.

Modification 1

Denver is- frequently subjected for periods of many hours to strong winds
duiring chinook or foehn wind conditions. The turbulence associated with
these winds can valise sporadic triggers and audible alarms over long periods
of tine. This modificat ion Is intended to suippress the atidihle alarm (during
stich dowis lope wind condi tions. When the centerfiteld wind speed exceeds 35
knots all remote outpuits are turnied onl for continuious display. A shear con-
dition is registered by flashing digits but no audible alarm is sounded.

* This display persists uintil tile centerfield wind speed falls below 25 knots.
At thalt point normal operation resumes.

* Modification 2

Tii, inod If tation is iit ended to reduce spurious alarms caused by random
* wid f LuctliatLons. Sporaudic wind speed and direction changes can be caused
* by ohst ruicT louis or Complex terrain and not represent thle, hazard posed by

coherent wilid-shiuft line--. The pujrpos),e of this modi firat ion Is to reduce the
qensitivitv of thle system to sporadic wind vector changes while retaining
system qenisitivity to gust fronts.

This; i4 to'rompliI sed by rnakin,, the trigger wind vector difference
t h roshin d ;i 1,' t ion of the win id ctrect 1.on di ffe rence bet ween the center-
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field and outlying -nemometer site. The modification is summarized by the
following:

Direction difference between Vector difference for trigger
outlying site and averaged threshold

centerfield wind

>600 > 15 knots
30l0 to 600 > 20 knots

<Ooo > 25 knots

Becatise of the complexity of the flow fields during daytime weak convec-
tion, it is uinlikely that either if these two modifications would signifi-
cantly reduce false alarms during these conditions.

Fifty-nine LLWAS arrays are now operational at selected airports and 51
nddition.1l systems will be installed by 1985.

' Definition of Terms

Before describhing the data from the LLWAS, it is necessary to define a
nuimher of terms:

THIINDWRSTORM G;UST FRONT (Figure 2a,h): The leading edge of the cold air
outflow from a thunderstorm is termed a gust front. These density currents
can oecur at large distances (>20 miles) from downf tow regions and are
characteri'.ted hy a wind-shift line, pressure jump, gust surge, and temperature
dropl. Figuire 2b Indicates qualitatively the form of the wind speed, temn--
perature, and pressure chances accompanying a thunderstorm gust front.

THUNDERSTORM MICR0BURST (Figure 2a): When the region of downflow is less

than 4 km in width with the peak winds lasting usually from 2 to 5 minutes
the system Is called a mirroburst. In contrast to the thunderstorm gust
f ront , the microhutrst is short lived, spatially concentrated, and exhibits
complex near-surface effects. Figure 2b indicate,; qualitatively the form of

heit wilnd speed, temperatuire, and pressuire changes accompanying a thuinderntorm
ml crohuirst

W 'AK (:ONVE( ION (Figuire 2a ): Solar heat ing of thc suirface of the Karth

pr dtices regions., of hiovant ra r wh ic h rise in the torn of thermalI plumes.
The localI convergence ot Al r issoc lat o withI a plume is respons ibleI for the
comrplox pat tern of winds oil i typical stimmcr day.

A-u RCRAFT -WAKE VUR()TI 1(, % (F I g~ire .'a A a Au ar foilI produc(Iing lift generates
a vortex pair In its wake. The vortex pair,; associated with heavy aircraft
TllqVilnk at slow speedis inl laulding nad t akeoff~ are especiall1y strong and long
I i vel. The mot ion and decay procesqses can be quite complex and] flows in

* excess of 40) knots occur frequent ly. The fact that the vortex core diameter
*i I several mneters or Less tends to make the diarat ion of a wind suarge quite

* sh(ort 0 seconds)'.

I)RA INAGK FLOWS (Figuire ?a ): Near-si rfIace coolin g cauised by noctlirlna
rali.4. itio lssca rest It in complex locail f low pat tern-, as the -old(-r iir



THUNDERSTORM GUST FRONT Figure 2a. Schematic views
illustrating the processes
involved in thunderstorm
gust fronts, microbursts,

TYPMALthermal plumes, aircraft
NEGT ,. wake vortices, and drain-

-I km ~'SPEDOTEN2m.'age flows.

THUNDERSTORM MICROBURST

WEAK CONVECTION
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PLUMES

SOLARA
RADIATION

SEVERAL KILOMAETERS 1

SCALE SIZE
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-~.j L-. AIRCRAFT SPAN
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DRAINAGE FLOWS
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EVENT NEAR SURFACE SURFACE
TYPE FLOW FIELD PRESSURE FIELD

THUNDERSTORM GUST FRONT

3Okts mb

U P

moo 20min

t 30t -->

TRANSLATING MICROBURST

40 kts2m

U

GUST FRONT/SURFACE BASED INVERSION

MICROBURST/ IN VERSION

U P

Figure 21). Qua Iit ative illustrations of the wind speed, temperature, and
pressure chianges accompanying ILunderstorms and mic robursts.
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moves towards tIwer topography. Such currents are .sually significantly
weaker (<8 m s ) than thunderstorm gust front or microburst flows (often >20
m s ). However, the effects of several interacting drainage flows could
produce vector differences large enough to exceed thresholds for gust front
or microburst algorithms.

SCAN: LI,WAS sampling interval. For the system examined in JAWS, the

computer polled each remote site once each It s, so the scan interval was 11
s. The normal 7-10 a scan interval was increased to 11 s because of the
requirement to record all data.

BAD DATA: Any scan Listing a wind speed of 99 kts. ThiH value is listed
when system checks for valid data are unsuccessful.

TR(GGER: When the vector difference between the centerfield running
average and a houndary site equals or exceeds 15 kts and a trigger flag
appears for a given scan.

ALARM: An isolated trigger or a group of triggers occurring within three
consecutive scans of any trigger in the group. Thus a trigger is a solitary
threshold crossing event, which becomes an alarm if it is not followed within
three scans by another trigger. However, if a trigger is followed by another
trigger from the same site within three subsequent scans, the collection of
.igers (from the same site) is an alarm. This definition of an alarm is

used to simulate the fact that in the control tower alarms are held for three
consecutive scans unless a larger shear value appears. This helps to reduce
the intermittency that often occurs from atmospheric variability.

3. c NERAL, STATiST[CS OF THE LLWAS IN JAWS

l),ir the IAWS Project the system operated continuoti ly. In spite of

some problems with hardware in early May and sporadic outages related to
power line surges, an excellent data set was recorded. Recording was
extended heyend the ,IAWS experimental period so that we obtained data disks
between 20 May and 11 September 1982, covering about 1440 hours of system
operation. Vigure 3 and Table I summarize the intervals for which we were
able to retrieve data. The data recovered from the disks included wind speed
and wind direction for alA outlying sites as well as a running numerical (15
scan) average for the centerfield with peak gust information. The scan
interval with the particiilar software used was increased slightly to ahout
11 s between scans. Also the output of the detection algorithm (if the vec-
tor difference between an outlying site and centerfield average exceeded 15
kts) triggered an event that was recorded and processed.

3.1 Wind Speed Data

The flmin;imental data collected by the ,LWAS are the wind speed and
direction at oach site, inc luiding the centerfield where the data are approxl-
mately 2 into rnning average. values, and the boundary remote sites (south-
west, s;ourheint , northeast, northwts.r., and north) where the data are 8 s RC
fliLtred valiv'e, taken every 11 s. Figure 4 1s a histogram of all data suc-
ce,;sft Iiy re-orded dur ng fAWS for each site as a finct ion of wind speed.
'The 1rra ph" show the numhu'r of valties that occurred, dtspla(yd In 2.5 kt divi-

*7 .-. 7
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Table 1. List of LLWAS data recorded in JAWS

Date (1982) Julian Day Start (MDT) Stop (MDT)

5/20 DAY: 140 START: 1500 STOP: 2359

5/21 DAY: 141 START: 0000 STOP: 1540
6/2 DAY: 153 START: 0000 STOP: 1840
6/4 DAY: 155 START: 1442 STOP: 2359
6/5 DAY: 156 START: 9721 STOP: 1438
6/5 DAY: 156 START: 1439 STOP: 2324
6/11 DAY: 162 START: 1325 STOP: 1356
6/11 DAY: 162 START: 1400 STOP: 2359
6/12 DAY: 163 START: 0000 STOP: 1447
6/13 DAY: 164 START: 2000 STOP: 2359
6/14 DAY: 165 START: 0519 STOP: 2125
6/16 DAY: 167 START: 1445 STOP; 2359
6/17 DAY: 168 START: 0000 STOP: 1605
6/21 DAY: 172 START: 0715 STOP: 2359
6/22 DAY: 173 START: 0000 STOP: 0837
6/22 DAY: 173 START: 1508 STOP: 2359
6/23 DAY: 174 START: 0000 STOP: 1630
6/24 DAY: 175 START: 0720 STOP: 2359
6/25 DAY: 176 START: 0000 STOP: 0842
6/26 DAY: 177 START: 0719 STOP: 2359
6/27 DAY: 178 START: 0000 STOP: 0836
6/28 DAY: 179 START: 0731 STOP: 2359
6/29 DAY: 180 START: 0000 STOP: 1221
6/30 DAY: 181 START: 0711 STOP: 2359
7/1 DAY: 182 START: 0000 STOP: 0830
7/1 DAY: 182 START: 0903 STOP: 2359
7/2 DAY: 183 START: 0000 STOP: 1021
7/3 DAY: 184 START: 0715 STOP: 2359
7/4 DAY: 185 START: 0000 STOP: 1114
7/4 DAY: 185 START: 1445 STOP: 2359
7/5 DAY: 186 START: 0000 STOP: 1609
7/6 DAY: 187 START: 0837 STOP: 2359
7/7 DAY: 188 START: 0000 STOP: 1003
7/7 DAY: 188 START: 1103 STOP: 2359
7/8 DAY: 189 START: 0000 STOP: 1225
7/8 DAY: 189 START: 2216 STOP: 2359
7/9 DAY: 190 START: 0000 STOP: 2339
7/1L DAY: 192 START: 0906 STOP: 2359
7/12 DAY: 193 START: 0000 STOP: 1026
7/12 DAY: 193 START: 1208 STOP: 2359
7/13 DAY: 194 START: 0003 STOP: 1331
7/14 DAY: 191) START: 1239 STOP: 2359

7/ i DAY: 19o START: 0000 STOP; 1402
7/117 DAY: 198 START: 1456 STOP: 2359
7/18 DAY: 199 START: 0000 STOP: 1623
7/jiO DAY: 199 START: 2212 STOP: 2359
7/19 DAY: 200 START: 0000 STOP: 2335
7/20 DAY: 201 START: 0741 STOP: 2359

. .... . ... . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Date (1982) Julian Day Start (MDT) Stop (MDT)

7/21 DAY: 202 START: 0000 STOP: 0904
7/21 DAY: 202 START: 1518 STOP: 2359
7/22 DAY: 203 START: 0212 STOP: 1303
7/22 DAY: 203 START: 1307 STOP: 2359
7/23 DAY: 204 START: 0000 STOP: 1430
7/24 DAY: 205 START: 0740 STOP: 2359
7/25 DAY: 206 START: 0000 STOP: 0905
7/25 DAY: 206 START: 1500 STOP: 2359
7/26 DAY: 207 START: 0000 STOP: 1625
7/27 DAY: 208 START: 0953 STOP: 2359
7/28 DAY: 209 START: 0000 STOP: 1119
7/28 DAY: 209 START: 1735 STOP: 2359
7/Z9 DAY: 210 START: 0000 STOP: 1905
7/30 DAY: 211 START: 1227 STOP: 2359
7/31 DAY: 212 START: 0000 STOP: 1412
7/31 DAY: 212 START: 1605 STOP: 2359
8/1 DAY: 213 START: 0000 STOP: 1758
8/1 DAY: 213 START: 2101 STOP: 2359
8/2 DAY: 214 START: 0000 STOP: 2314
8/3 DAY: 215 START: 0806 STOP: 2359
8/4 DAY: 216 START: 0000 STOP: 0959
8/4 DAY: 216 START: 1614 STOP: 2359
8/5 DAY: 217 START: 0000 STOP: 1749
8/6 DAY: 218 START: 1443 STOP: 2359
8/7 DAY: 219 START: 0000 STOP: 1619
8/7 DAY: 219 START: 1933 STOP: 2359
8/8 DAY: 220 START: 0000 STOP: 2132
8/9 DAY: 221 START: 0933 STOP: 2359
8/10 DAY: 222 START: 0000 STOP: 1108
8/11 DAY: 423 START: 1012 STOP: 2359
8/12 DAY: 224 START: 0000 STOP: 1141
8/12 DAY: 224 START: 1259 STOP: 2359
8/13 DAY: 225 START: 0000 STOP: 1408
8/13 DAY: 225 START: 1412 STOP: 2359
8/14 DAY: 226 START: 0000 STOP: 1425
8/14 DAY: 226 START: 1429 STOP: 2359
8/15 DAY: 227 START: 0000 STOP: 1546
8/15 DAY: 227 START: 2043 STOP: 2359
8/16 DAY: 228 START: 0000 STOP: 2201
8/17 DAY: 229 START: 1946 STOP: 2359
8/18 DAY: 230 START: 0000 STOP: 2101
8/22 DAY: 234 START: 1640 STOP: 2359
8/23 DAY: 235 START: 0000 STOP: 1759
8/24 DAY: 236 START: 1446 STOP: 2359
8/25 DAY: 237 START: 0000 STOP: 1506
8/25 DAY: 237 START: 1516 STOP: 2359
8/26 DAY: 238 START: 0000 STOP: 1655
8/27 DAY: 239 START: 1328 STOP: 2359
8/28 DAY: 240 START: 0000 STOP: 1449
8/io DAY: 242 START: 1819 STOP: 2359
8/31 DAY: 243 START: 0000 STOP: 1936
8/ 51 DAY: 243 START: 2200 STOP: 2359

p

. ... .. , ... -.. - • . . , . . , . . . . . . . . - . - '. .. -.. .. ,.. -. • . .



Date (1982) Julian Day Start (MDT) Stop (MDT)

9/1 DAY: 244 START: 0000 STOP: 2317
9/2 DAY: 245 START: 0718 STOP: 2359
9/3 DAY: 246 START: 0000 STOP: 0835
9/3 DAY: 246 START: 0904 STOP: 2359
9/4 DAY: 247 START: 0000 STOP: 1019
9/4 DAY: 247 START: 2224 STOP: 2359
9/5 DAY: 248 START: 0000 STOP: 2348
9/6 DAY: 249 START: 0723 STOP: 2359
9/7 DAY: 250 START: 0000 STOP: 0844
9/7 DAY: 250 START: 2202 STOP: 2359
9/8 DAY: 251 START: 0000 STOP: 2323
9/9 DAY: 252 START: I ,!4 STOP: 2359

& 9/10 DAY: 253 START: 0 ,'18 STOP: 1459
9/10 DAY: 253 START: 1504 STOP: 2359
9/11 DAY: 254 START: 0000 STOP: 1626

. . . . . .i
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sions, with any value 40 kts or greater grouped at the right side of the
histograms. A count of the bad values (shown as 99 kts) is given at the
extreme right. Above 20 kts, the actual number of events per division is
shown directly on the graph as a line or number. The general distributions
of wind speeds are similar, with peaks in the 2.5-5 kts range. The obvious

* exception to this pattern is in the north boundary remote sensor, where the
wind speed is consistently low. In fact, on the average this site is 8 kts
lower than the other remote sites. This error went undetected by routine FAA
maintenance from 20 May until 23 July, when the problem was corrected. The
anemometer was apparently defective and consistently read low.

Another observation from Figure 4 is the indication that the centerfield
site observed consistently fewer higher wind speeds than the remote sites
(except, of course, for the defective north site). This is certainly ex-
pected because of the much longer averaging period of the center site. For
example, the center site had no wind readings in excess of 30 kts in contrast
with the other sites.

There were 4,758 bad values out of 2,656,828 recorded (0.18% bad data),

(99.82% good data), with essentially all at the northeast and north sites.
We believe these values are due primarily to failures in the communications
link from the sites to the computer base station. There is an existing
"housekeeping" computer output from LLWAS which provides technicians with a
means for assessing communications efficiency. In addition a simple examina-
tion of batch wind speed statistics such as those of Figure 4 could provide
early indications of system malfunctions to system engineers and technicians.

So that the wind speed statistics for each site could be better compared,
we arranged them in an alternative presentation (see Fig. 5). The fewer high
wind speed values for the centerfield site are most obvious here. All of -he
wind speed data for all sites have been grouped into a single graph -rsented
in Figure 6. The axes are the same as in Figure 5. This graph is useful in
identifying the total number of wind speed events for the LLWAS. For ex-
ample, approximately 10,000 events exceeded 20 kts, while about 20 singular
events exceeded 40 kts.

3.2 Wind Shear Summary

The LLWAS system addresses "wind shear" by computing the vector dif-
ference between each boundary remote site and the centerfield site. If on
any single computer sampling scan the vector difference between any two com-
parisons equals or exceeds 15 kts, that compared scan is identified as a
trigger event. By convention, this trigger event is termed wind shear, but
in fact is in the units of wind difference (units of knots). For the sake of
consistency with those who use the LLWAS, we will continue the useful conven-
tion of calling the units of a trigger event "wind shear."

Figure 7 is a histogram of the LLWAS wind shear data, where the vector
difference between the centerfield and each boundary remote site has been
calculated for each scan (each II s). Although the actual calculation is
wind velocity (speed and direction) vector difference, only the wind vector
difference magnitude is shown in Figure 7. The consequences of various
trigger thresholds are obvious; clearly, the number of wind shear events

* . .... *. .2.
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falls drastically with increasing threshold. The malfun :ion of the r;rth

boundary remote site appears c.<:ain in the form of an e-.,.essively large number
of wind difference (center-north) readings in excess of 5 knots. The number
of large shear values is significantly higher for the cer.terfield-to-north
comparison partly because of the system's sporadic interpretation of the low
response of the north site as a wind shear event when the wind is strznger at

the centerfield. For example, if the centerfield site were to show a mean
wind from the north at 20 kts, the low response of the north site might [ndi--
cate a mean wind of 12 kts. Sporadic gusts causing readings from 4-14 Kts at
the north site would produce sporadic triggers. In effect, this defective
sensing at the north sitE causes an inversion of the normal wind shear calcu-
lation if strong mean winds occur at the centerfield site (i.e., interprets
weak winds at north site as wind shears).

Figure 8 is an alternate form of the same wind shear statistic. Figure 9
depicts the cumulative wind shear statistic for all comparisons. Again, the

effect of thresholding can be examined in this figure. For example, for a 15
kt threshold 3907 triggers occur. If the threshold were changed to 20 or 25
kts, the number of measurements would decrease to about 1000 and 400, respec-
tively. Thus, such data can be used to predict the impact of an algorithm
threshold change in terms of number of triggers. However, until we examine
the presence of wind shear events independently it is not meaningful to
adjust the LLWAS threshold. At first we thought such a high number of
events would saturate the LLWAS warning system. However, as we will see
later, the number of alarms (grouped triggers) was much lower.

Figure 10 shows the distribution of triggers by time of day (MDT) for all
boundary remote sites, while Figure 11 shows the same temporal distribution
for all sites combined. The himodal distribution is similar to that seen in

* the distribution of mlcrohurst statistics reported in McCarthy et al. (1983)
using Doppler radar data from JAWS, and to that reported by Fujita and
Wakimoto (1983) using PAM data. In general, the variability in the occurren-
ces of triggers as a function of time from site to site is quite similar,
with most occurring between about 1200 and 2000 MDT. All sites indicate a
peak near 1600 MI)T related to late afternoon convection. Although almost all
of the wind shear events identified by the LLWAS occurred in the afternoon
and early evening, a number of events were not related to convection. Note
that several peaks occur at itnostial times. One at 0100 MDT on the southeast
site is probably related to nocturnal drainage flows associated with a
terrain depression (creek bed). The other peak (0900-1100) on the southwest
site may be caused by aircraft wake vortices. The combination of atmospheric
stability and high aircratt traffic in the early morning may Increase the
prob;ib Ilty of a wake vortex Impact. Detailed Investigations will be
nece s sa rv to Identtfv the actutal cauises of iotnl.astal peaks.

As me, ti otned earlier, the total number of triggers seemed excessive. In
Ith le-i,' go (t the IWAS, the FAA clearly recogn ized the sporadic nature of
low-Iove wind shear and herofore had the system group triggers into alarms
(sete dot1111ioll ot lorms, sect.to,| 2.2). When a trigger occurs at a boundary
remote site, the alert light in the control tower remains on for three con-

secuti ve scans. Then It goes out, unless in one of the three scans a shear
of 15 kt s or greater manI ttide is seen in the same remote-centerfLeld corn-
parlson. Essentially, the alert light may stay on because of a single

...~................. C . .
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triggering event, or may stay on for a group o trtggering events, according
to the above concelpt. An alarm Is defined as such a group cf triggers, from
one to many.

When the basic LLWAS data set is examined in terms of groups of triggers,
or alarms, some intriguing statistics emerge. (1) The total number of alarms
was 631, while the total number of triggers was 3,907. So the alarms repre-
sent a more realistic pictiie of wind shear events, in that separate shear
events are better identified by alarms than by triggers. (2) From Figure 12,
the northwest and north sites recorded the graatest number of alarms con-
sisting of groups of more than 10 triggers. (3) Figur_ 13 shows the distri-
bution of alarms as a function of number in the group. Single triggers
account for a large number (236) of the total alarms (631), and the one and
two-trigger events (340 events) account for over half of the alarms. (4) The
physical differences between wind shear events are clearly identified in

Figures 12 and 13. Events seen on the left side of the figures (one or two
triggers per alarm) represent short-lived and small-scale wind shear events,
while events seen on the right side of the figures (9, 10, or >10 triggers

per alarm) represent Longer-lived and larger-scale wind shear events. We
would like to assume that mlcrobursts are indicated on the left and gust
fronts at the right. However, as we will see in the next section, that is
probably an incorrect assumption.

4. COMPARISON OF LLWAS ALARMS WITH MICROBURST STATISTICS

Throughout the JAWS Project, the NCAR Portable Automated Mesonet (PAM)
was deployed in the Stapleton Airport area, as shown on Figure 14a. This
system provides 27 surface weather stations that automatically record dry
bulb temperature, wet bulb temperature, wind speed and direction, station
pressure, and rainfall. These data are sampled once each second, and a one-
minute block average recorded, along with the peak one-second windspeed gust
that occurred during the one-minute block. The wind measurements are made 4
meters above ground. A more complete description of the PAM system can be
found in Rrock and (ovind (1q77).

nit. PAM system was deployed in a manner which coincided with the LLWAS,
since we were uncertain that the latter would be recorded during JAWS.
However, the availability of both measuring systems made it possible to con-
duct a sititable comparison. Figure 14h shows the locations of the LLWAS
measuring sites relative to the airport.

Fulita (1993) has, scrutinized the PAM data set during TAWS, for the pur-
pose of identiiying the numher of mlcrobuursts that occurred there. lie m3de
the :asmption that a microburst produces a short-lived windspeed maximum,
whi ch lasts less than 4 minutes at a single station.

Fig ure 15 shows a hypothetical microburst profile for a single station
lift, and this figure demonst rates the basis of Fujita's algorithm for micro-
huurst deLect ion.'

Fl r.;i the pre- ald post-peak rvmns are def tned by

'.7.
- -. ,-"°-...-
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Figure 14 a. JAWS research arpa, showing, among other things, the distribution
of 27 PAM stations in the experimental network.
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-7 min
W = ± Y W .... pre-neak mean spee2 (al)

- 6 ' max
-2 min

+7 min
+ Y, W .... post-peak mean speed (32)"+ 6 '. max

+2 min

which are the mean wind speeds on both sides of a given tim.e (see Figire i5)

Then a computer listing of the time (day, hr, min) of the winds whicb
satisfied simultaneously the following six conditions was obtained:

Condition 1, W 1 10 m/sec = 19.4 kts (a3)
C

Condition 2, W C W + 5 m/sec (a4)c -

Condition 3, W c W + 5 m/sec (a5)c +

Condition 4, W > 1.25 W4 (a6)

Condition 5, W > 1.25 W (a7)c +

Condition 6, W+ < 1.5 W_ (a)

Condition I specifies that the center wind W must be faster than 10
ni/sec (19.4 kt) in order to be identified as a microburst. Every maximum
wind measured by PAM was used as the center wind.

Conditions 2 and 3 state that the center wind must he at least 5 m/sec
faster than the mean speeds before and after the center wind.

Conditions 4 and 5 specify that the center wind must be at least 25%
faster than the mean wind speed before and after the center wind.

Condition 6 excludes the gust fronts which are often characterized by
long-lasting post-frontal winds.

Using this aliorithm, 436 peak winds in JAWS, throughout the PAM
rationale, weret identified using a computer as candidates for microburst
winds. This very large number of spike" winds was believed by Fujita to be
excessive, and a detalled case-by-case hand analysis reduced the total number
to 186 for the full PAM station domain, and to 123 microburst. within 8

nautical miles of Stapleton.

This count is believed to he an approximation of mlcrohiirst ('0unts, with
the possibility of wake vo(rt ices, some dotible ;tation connt i n, andi other
kinknown coitimi nat Ion preent i n the ;tati;t c; . In addt t ion it ;hould he
c lear tliit other form; o f wind shear at the Earth's sr ace , such as gut
I ron ts (meeting conditton 6), have been eliminated.

We conpared the da i ly totals of alarms for the LIWA.AS system during ch
test period with the dat ly cou|nts ot mi-rohursts ident ifed by F1 jita (1 .83),
and Fu j ta and Wakimoto (1983) as occurr tng within the PAM array, located
within an 8 nautlil mile radius of Stapleton Airport (FV. 14h). 'igure 16
1 ,i h;tttogr; in 4howing the comparison. This figtre alqo a ppeared in Townseond

1981). on tw,, importaa;t microhorst days, 1' and I1 Ilv 1992, a lar ,.

I ".

...................................................................................
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, occurred. Howeve, many days with many alarms were not "microburst days."
Remember, however, the LLWAS system includes microburst wind shear with other
forms of wind shear, whereas results of Fujita are based upon an algorithm
designed to suppress gust fronts. Thus one word of caution is necessary when
making this comparison: the microhurst statistics shown in Figure 16 do not
indicate the presence of larger-scale events such as gust fronts. A parallel
study in progress (to be published separately) examines case studies that
document the effective operation of the LLWAS system during strong wind shear
events. However, a purpose here is to examine the types of flows related to
the alarms that occurred on days with apparently only weak convective acti-
vity. We are looking for the sources of alarms during weak flow events.
Figure 17 is an alternate presentation of LLWAS alarms by day, extending into
September 1982.

During the IAWS experiment there were 631 alarms. Comparing LLWAS alarms
with meteorological data from PAM and other sources we related 101 (16.3%)
alarms to microbursts, 75 (12.1%) to gust fronts, 145 (23.3%) to isolated
~usts, and 300 (48.3%) to other sources. It is this last group of alarms
that need to be characterized in terms of meteorological sources and
wind shear severity. Because we lack detailed meteorological data covering
the lowest 300 meters for most alarms, we cannot address such a charac-
terizatlon in this report. However, following sections provide examples for
some alarms and the associated meteorology derived from PAM and/or radar
data. An important observation is the large number (145) of alarms involving
iqolated gusts (one or two isolated triggers near the 15 kt threshold level).
Our study suggests that a large number of false alarms could be eliminated by

,, requiring an alarm to consist of 3 or more consecutive triggers.

Several days with high numbers of LLWAS alarms and few detected micro-
bursts were examined to investigate the nature of the system alarms. Table 2
summarizes the results, and Figures 18a through Ig present the actual data
for segments of each of the intervals for each day presented in the table.
The few observed microbursts indicated in Figure 16 are more significant
since they are based upon a larger area covered within 8 nautical miles of
the airport by the PAM array. We chose 6 days for study each of which showed
a significant number of LTWAS alarms and no or few microbursts on the PAM
array. After reviewing the LLWAS data for each day we identified intervals
representative of the types of flow causing the alarms. On each of the days
weak wind guists marginally near the 15 kt threshold caused sporadic triggers.
An example on 22 June 82 (Fig. 18a) shows the north site low sensitivity
interpreted as a wind shear relative to the centerfield site, thuis producing
trtggers (in this case false alarms). Another example on 30 June 82 (Fig.
18c) indicates how a localized gust occurring in a convectively disturbed
sitiation can ciiuse a trigger. Such gusts probably occur over small qcale
sizes. Such local ,,iists and weak flows causing marginal triggers may not
present a signiftic:Iit h7.ard to aircraft. The following section discusses

- the meteorology for each or the cases described in Figtres I8a through Rf.
• l. IAWS )oppler radar scans are used to help Identify flow featres.

:-... "."."., ".- "" """, "..........................................................,.",-",..-,*'--" "-" " .. ......... :
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Table 2. Summary of the nature of LLWAS alarms for selected days when the
LLWAS indicated many alarms but few microburst wind shear events were seen on
the PAM system.

Date Number of LLWAS Number of Nature of Alarms
Alarms Microbursts

22 June 82 27 3 (a) Weak flows (no gusts over
20 kts) causing sporadic
alarms

(b) 1609 MDT weak microburst

(c) North site triggers be-
cause of equipment
problem (Fig. 16a)

30 June 82 37 3 (a) Marginal sporadic wind-
shear from SE site much
of the day (Fig. 16b)

(b) Event at 1810 MDT

(c) 1757 MDT example of
trigger from localized

gust (Fig. 16c)

20 July 82 31 3 Marginal 15 kt vector

difference triggers
occur sporadically
(Fig. 16d)

21 July 82 3 0 Marginal 15 kt vector

difference triggers
occur sporadically

(Fig. 16e)

2 Auigtst 82 23 1Marginal 15 kt vector .

difference triggers
occur sporadically
(Fig. 16f)

7 August 82 29 2 Marginal 15 kt vector
difference triggers
occur sporadically
(Fig. 16g)

%

. . . . .
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22 June 1982 (1540-1590 MD)T) (Figs. 18P.. and 18a.2)

There were no triggers associated with the initial motion of a weak gust
front moving from south-to-north over the LLWAS array. However, when two
northern sites (N and NW) were not as yet in the cold outflow air, triggers
occurred because the outflow caused the centerfield mean wind to exceed the
15 knot vector difference relative to the N and NW sites. Figure 18a.2 shows
this situation. Although a microburst occurred to the north of the airport
at 1547, it was too far away (-10 km) to influence flows over the airport.
This case is notable in that it represents an "inverse" detection of a gust
front. The leading edge of the gust front did not cause triggers as it
entered the airport boundary; but the absence of the gust front at two north
LLWAS locations did cause triggers.

30 June 1982 (1535-1545 MDT) (Figs. 18b.1 and 18b.2)

Between 1530 and 1600 MDT there was a flow from SE to NW measured on the
surface sites to the east of the airport. A boundary between a weak flow
from west to east and this flow from the southeast occurred over the airport.
Figure 18b.2 shows the wind vector fields at 15:42:28 MDT. The fact that the
southeast (SE) LIWAS site was not in the west-to-east flow caused that site
to initiate an LLWAS trigger marginally above the 15 knot vector difference.

30 June 1982 (1750-1800 MDT) (Figs. 18c.1 and 18c.2)

A convective boundary developed over the airport oriented NE to SW. No
precipitation was measured and there was no radar evidence of diverging flows
or microbursts. The simple gust and associated trigger on the NW site could -
not be related to any specific meteorological event. Figure 18c.2 indicates
that the mean flow was from NW to SE on the northern LLWAS sites. Such
flows (in excess of 10 knots) should have prevented the advection of wake
vortices from the N-S runways to the NW LLWAS site.

20_July 1982 (1810-1820 MDT) (Figs. 18d.1 and 18d.2)

Marginal triggers occurred for the NE and SE LLWAS sites from about 1812
to 1816. There is no evidence of a thunderstorm gust front or the small
scale divergenice that would indicate a microburst. Radar indicated a cyclo-
nic flow across the airport and a line of virga was observed over the air-
port. A display of the wind vector fields (Fig. 18d.2) at 18:15:28 MDT
indicate a complex pattern of surface flows probably caused by a combination -

of weak convective flows interacting with a mesoscale eddy.

21 Julv 1982 (2040-2049 MDT) (Figs. 18e.1 and 18e.2)

The height contours across Stapleton International Airport range from
about 5300 ft near the south boundary to 5200 ft north of the airport. The
land rises to the east and north to typically 5300 to 5400 ft within I to 2

miles of the airport. Triggers marginally above the 15 knot vector dif-
ference threshold occurred with the NW LLWAS site from 2040 to 2050 MDT.
Figure 18e.2 shows the complex pattern of surface flows that occurred at
20:41:26 MDT. The flow patterns are typical of nocturnal drainage flows,
streogtlheiing aid we.akening at sporadic intervals during the evening hours.

-'-'-.. ..- .. -..,. ...-.. .. ..- --. - ...-..-.-.- .., .....- .-.- .... - . -.. . -,..- ..... -.... . . .. ,. '
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Figure 18a.1. Ten-minute segment of LLWAS data for 22 June 1982 (1540 to 1550
MDT). The winds at each site are shown, with the ordinate indicating speed
magnitude in knots. The origin of each vector indicates the wind speed magni-
tude and the arrow indicates wind direction. An arrow pointing directly down
indicates a wind from the north. * refers to an LLWAS trigger. Triggers on

the north site are in part related to the low-sensitivity problen.
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Figure 18b.1. Ten-minute segment of LLWAS data for 30 June 1982 (1535 to 1545

MDT). The winds at each site are shown, with the ordinate indicating qpeed

magnitude in knots. The origin of each vector indicates the wind speed magni-
tude and the arrow indicates wind direction. An arrow pointing directly down
indicates a wind from the north. * refers to an LLWAS trigger. Note that
the LIWAS triggered it times that are obviously not related to thunderstorm

gust fronts or microbursts.
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Figure 18 c.1. Ten-minute segment of LLWAS data for 30 June 1982 (1750 to 1800
MDT). The winds at each site are shown, with the ordinate indicating speed
magnitude in knots. The origin of each vector indicates the wind speed magni-

tude and the arrow indicates wind direction. An arrow pointing directly down

indicates a wind from the north. * refers to an LLWAS trigger. Note that

the LLWAS triggered because of a localized gust.
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Figure 18d. I. Ten-minute segment of I.LWAS data for 20 July 1982 (1810 to 1820* t)T). The winds at each site are shown, witi the ordinate indicating speed
magnitude in knots. The origin of each vector indicates the wind speed magni-tuide and the arrow indicates wind dircction. An arrow pointing directly down
ndic;ites a wind rnm the north. * efers to an I.LWA.S triRger. Note thatthe LLWAS triggered at times that we (:ould not relate to thunderstorm gust

fronts or mcrobursts.
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Figure 18e.1. Ten-minute segment of lIWAS data for 21 July 1982 (2040 to 2I50
MDT). The winds at each site are sho%,n, with the ordinate Indicating speed
lnagnliLde in knots. The origin of each vector indicates the wind speed magni-
tude atA the -rtrow illl('t.te' wind direction. An arrow pointing dlre'-tly down

10.1 1 W hl'i n t'l + 10 * refe,.s to an LLWA- trizver. A'Dt" rl'V
thlp lj.\k t )T pol.p ( i :4t timfls thAt Are nhX,'. uSIV not late. tf t - er tr
gust fronts or microbrst s.
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We found no evideniie of thinderstorm ,ust fr.)it ;r mlcroh ,ir:-t :,e .vity

causing these flows.

2 August 1982 (1345-1400 MDT) (Figs. 18f.1 and 18f.2)

A radar scan of the region at 1357 indicated no signiricant returns.
Sporadic triggers occurred during this interval with the N and NW LLWAS
sites. A vector plot of tle winds at 13:51:33 KDT (Figs. 18f.2) indicates
the complex pattern of surface winds occurring. We find no evidence of thun-
derstorm gust front or microburst induced flows. We deduce that the triggers
were caused by the variable pattern of relatively weak flows in a contective
boundary layer.

7 August 1982 (1550-1600 MDT) (Figs. l8g.1 and 18g.2)

A radar scan detected a strong flow from NE to SW also shown by the PAM
array with no indication of significant divergence. Figure 18g.2 shows evi-
dence of small scale convergence over the airport. The sporadic triggers on
the N, NW, NE, and SE sites seem to be related to this region of weak con-
vergence and not directly to the stronger flows occurring outside the airport
boundary. The centerfield anemometer was in the region between the northerly
flow south of the airport and the N-NW flow north of the airport. The low
centerfield wind speed values (-I kts from the south) produced the marginal
15 knot vector difference values causing the triggers.

We (-an conclude from Figures 16, 17, and 18, and Table 2 that the LLWAS
system can have alarms from relatively weak or marginal wind shear situations
that are not thunderstorm gust front or microburst events. This should then
be addressed in making improvements to the system. Our general perspective
it; to guard against "quick fix" algorithms that may not deal with the physics
of accurate sampling of low-altitude wind shear. However, in Section 5 we
explore several points made at the end of the last section, and i~liist rate
the value of a particular "quick fix." We have attempted to illustrate that
it should be possible to improve the system significantly using alternate --

algorithms, based upon annlysis of available data, without radical changes in
has ic system concept and design.

5. EVAII1ATI)N ()F A GUS'T MA(;NTI'-JDE AILCORITIIM

The current LLWAS operating algorithm is based on an advert ve concept
that appears to favor gust front features, on detection of wind-shift lines
advecting into the system from afar, by using a 2 min running average at cen-
terfield as a refer.,nce. Case studies of strong mtcroburst events typically
show sudden wind magnitude changes together with complex direction changes.
This is especially true near a microburst Impact region. These observations
suggest that 1 glust magnitude change might provide a means of preferentially
detectlns spaitially concentrated mcrobursts when a reference based upon the

lwinds or tht total system Is used.

A- .i rot ereoce I or the tiow A gorithm we ued the ;iver.ige of the wind
speed reidohigs. at hnumdarv sites for ipproxl mate I y a 2 mi n peri od ( 10 scans).
Ti' vli trf I e1,i irmomer er was excIiidvd from these ca [cti L t nis . The newest
1 s ( Riverae ,, wind reading from each site was compared wit 1h this ritlog
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Figure 18f.1. Fifteen-minute segment of LLWAS data for 2 August 1982 (1345 to
1400 MDT). The winds at each site are shown, with the ordinate indicating

pedmagnitude in knots. The origin of each vector indicates the wind speed
magnitude and the arrow indicates wind direction. An arrow pointing directly
down indicates a wind from the north. * refers to an LLWAS trigger. Note
that the LLWAS triggered at times that are obviously not related to thun-
derstorm gust fronts or microbursts.
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Figure 18g.I. Ten-minute segment of LLWAS data for 7 August 1982 (1550 to 1600
MDT). The winds at each site are shown, with the ordinate indicating speed
magnitude in knots. The origin of each vector indicates the wind speed magni-
tiude and the arrow indicates wind direction. An arrow pointing directly down
indicates a wind from the north. * refers to an LLWAS trigger. Note that
the LLWAS triggered at times that are obviously not related to thunderstorm
gust fronts or microbursts.
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areal average. If any new value exceeded the average by 15 kts or greater,
it was defined as a trigger. Note that this new algorithm Is based upon a
speed difference only, in contrast with the standard LLWAS algorithm which
is based upon a vector difference. Hence we call alarms from this new
algorithm magnitude alarms. The entire JAWS/LLWAS data set was processed in
this manner. Triggers were then grouped together as alarms in the same way
as the standard LLWAS triggers.

Figures 19a and 19b show daily histograms similar in form and scale to
Figures 16 and 17. Notice that the distribution of alarms is greatly reduced
by this new algorithm. in fact, when we compare the Fujita and Wakimoto
(19R3) microburst distribution, the original LLWAS alarm distribution, and
this new alternative algorithm distribution, we can see that the new calcula-
tion produces results that are much closer to the microburst distribution.
We can summarize the trigger and alarm algorithm variations as follows:

LLWSAS (shear) NEW (Magnitude) ALGORITHM

TRI(GERS 3907 179

ALARMS 631 80

Triggers were significantly reduced and yet the new algorithm identified
significant events that occurred at the airport.

Figure 20 is an example of this algorithm processing a microburst event,
using both LLWAS and new algorithms. Figure 21 is a histogram for all sites
showing the distribution of all triggers by time of day using the new
running-mean algorithm; and Figure 22 is a histogram of LLWAS alarms by
number of triggers per alarm (groups of triggers). These data, derived from
the new algorithm, are much more consistent in their various distributions
when compared to Fujita and Wakimoto (1983) microburat distributions than was
the original LLWAS alarm distribution seen in Figure 16. If the surface
system density is increased sufficiently, this algorithm will be a good can-
didate to test for use with operational systems. However, we feel that even
this obvious improvement represents a quick fix, and we would urge caution
aga inst using any new scheme too quickly. Such algorithms that preferen-
tially detect one type of meteorological event (in this case mtcrobursts),
may not detect, or may even surpress other events (such as gust fronts). One
concept for possible operational uRe of such algorithms is to operate several
.iL)orithin types in parallel and provide outputs that indicate the probable
event type encountered after processing of combined algorithms.

f6. USE OF I.IWAS STATISTICS AS A GUIDE FOR
MAINTENANCE AND SYSTEM EVALIJATION

Data from the LIWAS can he applied so that the operatiori of the system
can be "self checked." As indicated previously in Section 3.1 summaries of
operations in the form of listings of communication failure statistics are
presently collected for use by system technicians. In addition the main-
tenance problems and meteorological statistics can be addressed by using

..............................................................
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Figure 19a. Distribution of number of magnItude algorithm alarms by day
duiring the period 20 May to 8 August (during which time the NCAR PAM was
operating) compared with the distribution of number of microhursts by day as
determined hy Fuj.ita and Waklmoto (1983) wi~hin 8 mi of the Stapleton runways.
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Figure 20. Example of L.LWAS data for 14 July 1982 (1405 to 1415 MB14T). Two
versions of a running, mcan a igoritlim (shear and magnitude threshold) are
shouwn.
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,,ternal tests to determine the system integrity and local properties such as
(1) detection of wind speed measurment errors, (2) detection of wind direction
measurement errors, (3) analysis of bad data points, (4) identification of
anemometer siting effects and problems, and (5) development of wind sta-
tistLcs depicting local meteorology. Following sections provide details and

examples of these.

We recommend that the capabilities outlined in Sections 6.1, 6.2, and 6.3

be applied as a part of a daily maintenance routine. The LLWAS minipro-

cessor could provide similar summary data on a daily basis. Other statistics
(outlined in Sections 6.4 and 6.5) dealing with siting problems or meteorolo-
gical phenomena are more appropriate for analysis by some central facility.

6.1 Detection of Errors in the Measurement of Wind Speed

A histogram showing the distribution of wind speed for each anemometer
site of an LWAS system (e.g., Fig. 4) can detect problems with a wind sen-
sor. Slow deterioration of an anemometer bearing (although not causing a
complete lack of sensor response) could be detected by inspection of site
statistics. The degraded response of the anemometer at the north LLWAS site
during the JAWS experiment is evident when Figures 4 and 23 are inspected.

6.2 Detection of Errors in the Measurement of Wind Direction

An anemometer could develop errors in measuring wind direction because of
mechanical or electronic problems. The statistics of the direction measure-
ments of a site compared with the centerfield can indicate such systematic
direction errors In a vivid manner. These comparisons can be especially use-
fil when a large-scale flow (which can he expected to produce relatively uni-
form winds spatially) has occurred over a 24 h period. An example of a
useful display of directional data is shown in Figure 24. An x,y array was
created for the southwest and centerfield sites rising bins of wind direction
in 150 increments. The number of measurements (z values) falling In each bin

can be counted with little impact on microprocessor memory. The final x,y,z
array of data can he fed to a line printer. on 2 Augiist 1982 a wide range ofi

wind directions occurred. Figure 24 shows that the counts cluster near a
diaonail (indicating agreement between tie southwest and centerfield wind
directions). A consistent offset fron the diagonal would indicate an equip-
ment or terrain obstruction problem.

6.3 Analysis of Bad Data Points Typically Arising
from Transmission Errors

1.sting of had data points by sit,, as a function of time of day could

permit identification of the source of the problem. Als() there would he a
clear indiciation of the impact of thene problems rrpon system operations.
Inspection ol the dait,i shown in FI gre 4 shows that there were great dif-
erenceq in the numbers of had data point- obtained from the various 1,I,WAS

sit es dirrin, tre ,AWS experiment. For example the northeast and north sites

ea ch hld over 2000 bad data lntervnls while the total for the other three
sites was less than 100 bad points. Radio interference problems or marginal
transmission paths coni1d he tie sources of these bad data at certain times of
daay.

7! "e"
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6.4 Ideni Ii cat Ion of Location or Terra in e'roblcmn

Comparisons between the various sites using wind directton and peed slla-

tistirs can identify a variety of siting problems. A combination of Lime-of-
day histograms (Fig. 10) and studies of the mean w nd speeds and directions S
under different conditions can indicate problems related to runway proximity
or local terrain features. In this way the frequencies of local disturnances.

such as wake vortex impacts or drainage flows can be compared for the various
sites. Consideration of statistics comparing wind speed and direction data

can also indicate condition.; when local winds are underestimated by the
influences of local buildings or vegetation. Figure 25 is an example of a S
display that could be used to study siting effccts.

In this display the x values are the centerfield wind direction in 15*
increments. The y values are the difference in wind speed between the south-
west and centerfield sites. The number of measurements falling in each bin
are counted and the x,y,z array is presented in Figure 25 for 2 August 82.
For large-scale flows the values should be distributed symmetrically about

the center line (zero difference). A consistent bias with the centerfield
wind speeds consistently above or below the site values would indicate an
equipment calibration problem. If such consistent differences occurred only

for a range of directions, terrain effects are the probable cause. S
6.5 Development of Wind Statistics Depicting Local Meteorology

The statistics of the meteorological processes influencing a given air-
port can be invaluable for operational planning. Specifically, the time-of-
year and time-of-day statistics of wind shears above some threshold level for
an airport could be used as a basis for scheduling hours of peak activity. S

Certainly, cautionary information could be provided to pilots concerning
times when heightened awareness is indicated. Examples of meteorological
processes that could be specified using data recorded on LLWAS systems are:

0 sea breezes

* nocturnal drainage flows

e frontal passages

* time-of-day wind shear extreme statistics

* microbursts

* thunderstorm gust fronts.

In addition more representative data on airport mean wind speed and direction
could be provided as a function of time of year. -

7. LIMITATIONS OF THE SYSTEM

The following are limitations of the system:

(1) LWAS is clearly a surface-wind measurement system: horizontal winds
above the sensors are not detected. This may not be a signi l Fcant problem in

S11.2 l
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a gust front or sea breeze front situation, but it is a serious limitation
when there are strong wind shears that are not present at the surface, as in
many frontal and low-level let situations.

(2) LLWAS has temporal and spatial resolution limitations which may
present serious problems for the detection of the smaller scale events.
Appendix A (Bedard and McCarthy, 1984) describes a case study documenting the
small time and spatial scales that can occur. The distances between anemome-
ters are a measure of the scale of event which can be detected with con-
fidence. The average spacing between the centerfield and the boundary sites
is about 3 km for a typical LLWAS. Because of the averaging done at the cen-
terfield, short-lived microbursts may not be detected there; consequently the
effective wind shear resolution for short-lived microbursts is greater than 3
km and perhaps more nearly 6 km. Although a brief gust at the centerfield
will be registered as a gust (if it is of sufficient magnitude), abrupt wind-
shift lines may be flagged with a delay as a shear alert by the centerfield
anemometer. Therefore, although effective for gust fronts, the spatial reso-
lution scale is not appropriate for the detection of microbursts, which can
occur on scales of I to 3 km (Wilson and Roberts, 1983). Likewise, the tem-
poral resolution Is compromised by the long averaging at the centerfield
site; a brief high wind encounter at centerfield would not be identified
unless it were of large enough magnitude. This effectively eliminates the
centerfield site as a high-resolution wind shear sensor. However, decreasing
the centerfield averaging time would of necessity result in larger and more
rapid variations, increasing the probability of false alarms. Compensation
might he achieved by increasing the threshold value at the expense of missing
some events, or by revisions of the overall detection algorithm strategy.

An alternate approach would be to create another analysis path using the
centerfield data while retaining the averaging system now in use. The 8-10 s
grab samples from the centerfield sensor could be compared with the running
average in the same manner as the outlying sites. In this way the spatial
and time resolution can be improved with no hardware changes required. This
would seem a desirable first step in improving the LLWAS. Since events can
appear over time scales shorter than 30 s, failure to detect an event over
one or two scans or failure to apply the information can be critical to

operations.

(3) Surface wind events outside of the 3 km radius of the airport are
not sensed, which represents a possible deficiency if an aircraft low alti-
tude encounter with wind shear were to occur outside of this raditus.

(4) Vertical motions are not sensed directly; only horizontal ones,
which may have been Initiated by downdrafts, are sensed. There Is no warning

provided of (escendin g dowudrafts. Althotigh the resulting outflows may be
detected, the hazard may already have boen present for tens of seconds or
even minutes. For example, a descending downdraft produces divergence near
the sqtrface when the downward moving alr has moved to within ahout one diame-
ter's scale length of the surface of the Earth. Thus, downbirst vertical
.speeds from smaller scale downhursts can he expected to occur closer to the
surface than larger scale downflows. fn addition if an anemometer is located
directly beneath a downflow (at or near the stagnation point), no horizontal
flows may be detected unless the system is translating.

. ...... ............ . . . . . . . . . . . . . . .
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(5) LLWAS does not directly measure the wind along the flight paths,
and thus can report events not traversed by an aircraft, which the pilot
could perceive as a false alarm.

(6) Although downdrafts are converted to horizontal winds near the sur-
face, the diverging horizontal flows often may not occur at or near surface
sensors because of a variety of meteorological factors, such as shallow tem-

perature inversions close to the surface.

8. PRELIMINARY RECOMMENDATIONS REGARDING THE LLWAS

The LLWAS is a useful system, particularly for the detection of certain
wind shear situations such as gust fronts, frontal passages, and sea-breeze
fronts, which have dimensions of many kilometers, have durations of tens of
minutes or more, and travel across the ground. With modifications that
improve the spatial resolution and time resolutions of the surface wind
measurements, the LLWAS should be capable of detecting a high fraction of
the dangerous wind shear conditions in the vicinity of airports including
microbursts that have reached the surface. Such an investigation of up-
grading of the LLWAS has been initiated by the FAA.

Figure 26 is a schematic view of the various stages of a microburst.
Microh,rsts typically take longer than 2 minutes to descend from the source
region (near cloud base) to the surface. At the lower portions of the
descending region (<300 meters) the microburst flows can pose a hazard to
aircraft since divergence causes a horizontal area of increasing/decreasing
lift to rapidly evolve as the Earth's surface is approached. At the base of
the descending region the flows have not reached the surface and therefore
are not detectable by anemometers. As the system continues to descend strong
winds will typically occur at the Earth's surface outside of the stagnation
region. Although anemometers can readily detect this area of high winds,
they provide no advance warning. Therefore, remote sensing techniques must
he developed and installed to detect the microburst in the generation and
descending stages, where negligible horizontal components occur. Such tech-
niques using Doppler radar for providing earlier warnings of the impending
inicrohurst hazard are currently being developed (Roberts and Wilson, 1984). .''

At the present time, Doppler radars are most successful in detecting micro-
bursts during the hazardous, diverging stage. There is a great need to con-
tinue the development of remote sensing techniques to provide earlier
warnings.

The LIWAS is the only currently available system for detecting wind
shear on a regular basi.. It is recommended that the LLWAS system be
substantially- Improved ani these improvement Installed in existiln LLWAS
Lsystems at all major airports. In any futtre Installations consideration
should be given to ensure that the system can be adapted or retrofitted to
permit the integration of improvements in hardware, software, and recording
capabilities. Every effort should he made to assess and improve its perfor-
mance. Possible approaches include, hut are not limited to, the following:

(1) Examine signal processing techniques from simple approaches to in
exhastive re-examination of sampling theory concepts. Consider the applica-
tion of alternate algorithms such as the one described in this report that Is
sens itive tn wind ma)-ii ttide changes.

. * .....
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(2) Investigate tile benefits that might be derived by increasing the
number of sensors and reducing the spacing between them. Methods should be
used to increase the effectiveness of the centerfield anemometer as suggested
in ,ection 2.1. Figure 26 shows the influence of the centerfield averaging.
In this figure higher time resolution data measured on the SE site on 14 July
1982 is used to illustrate the impact of centerfield 15 scan averaging on an
impulsive microburst wind surge. The original data at approximately 11 s
intervals was processed with a 15 scan averaging to simulate the centerfield
response. The original data and the averaged data both appear in Figure 27.
The largest wind speed passed through the filter is smaller by a factor of

two than the original time series. The appearance of the wind maximum is
also delayed by about one minute in this simulation.

(3) Analyze and revise the current method for displaying wind data. It
is technically feasible to provide this information directly to pilots. Use
of a computer synthesized voice system should be examined. In fact, we have
tested the concept of passing data from a LLWAS wind shear file to a voice
synthesizer. Data processed in this manner showed vividly the advantages of

the prompt and accurate information transfer. Controllers could also be
relieved of tie unnecessary burden of transferring this information.

(4) Analyze and revise, if appropriate, the current criteria for issuing
a wind shear warning. For example, the use of one threshold for issuing a
caution and a second, higher threshold for issuing a warning would help
ensure that warnings were heeded.

(5) Further study the use of complementary sensors to augment wind shear
information yielded by the LLWAS.

(6) Record and analyze wind measurements by the LLWSAS installations
nationwide to obtain climatic RrLoperties of ground-based wind shear. We
strongly recommend this improvement. Not only could the climatology of low-
altitude wind shear be obtained, but routine, long-term batch statistics
would vastly improve ongoing maintenance as described in Section 6. A forth-
coming report based upon the results of detailed case studies of wind shear
events during the JAWS Project will provide recommendations for further
research and detail additional areas in which the LLWAS can be improved.
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A CASE STiJnY ILLIISTRATING TIME SCALES AND OPERATIONAL RESPONSES FuR A

WIND SHEAR EPISODE DURINGi FHE JAWS PROJECT

A. J. Bedard, Jr.

NOAA/ERL/Wave Propagation Laboratory

Boulder, Colorado 80303

J. McCarthy - -. "

Joint Airport Weather Studies Project

National Center for Atmospheric Research

Boulder, Colorado 80307

Abstract peak wind surges for the southeast LLWSAS site

(-14:10) and the peak wind gust measured at the

A microburqt event on 14 July 1983 illustrtes nearest PAM site (14:12:26). There was no evidence

the Abort time scales Involved in responding to of the disturbance at any other measurement site

this type of wind Shear. The event also tllus- although some sensors were within 3 km. The peak

trates how a controller used information from wind surge measured at the PAM site lagged the

Several sources in helping A number of aircraft LLWSAS measurement time by more than 1-min. This

avoid a dangerous wind shear situation. We discuss delay could have been caused by advection or some

the implications of this event for the design of physical process causing the leading edge of the

future wind shear detection systems and we relate microburat to be not represented at the PAM site.

these observations to data obtained during the JAWS The time delay (>60 s) involved with a separation

experiment, distance of -1/2 km or with siting effects is im-

portant compared with the operational times in-

Introduction volved with this partacular microburst. Also, if

the microburst had occurred in a different ares of

On 14 July 1982 during the Joint Airport Wea- the airport it could easily have gone undetected as

ther Studies Experiment (JAWS) (McCarthy et al., a significant event.

1982 ), a series of aircraft problems related to

wind shear occurred during a 20 minute interval Table I summarizes important portions of pilot/

from about 1400 to 1420 MDT. We use this case to controller communications for the period between

illustrate the operation of the Low Level Wind 1407 and 1415 MDT. There were three go arounds in

Shear Alert System (LLWSAS) as well as to illus- less than 10 min; one aircraft (F244) had to go

trate the small spatial and temporal scales charac- almost to takeoff power. In our view, this situa-

terizing some microbursts. tion was well handled by the pilots and local

control. Information concerning windshear encoun-

Fortunately, during this interval the com- tered by the pilots and detected by the LLWSAS was

munication tapes for air traffic control were communicated promptly. A microburst apparently

transcribed by the Transportation Systems Center as occurred Just to the east of the east-west runway

part of a special study. The Automatic Terminal and was encountered by an aircraft on approach

Information Service (ArIS) recordings were Also during the time the wind surge was first evident on .

available because of tils study. Thus, we are able the LLWSAS (1409:54). Although the LLWSAS provided
to reconstruct the operational sequence of events at most seconds of warning in this instance, nub-

during this wind shear episode and emphasize both sequent LLWSAS information provided valuable guid-

the time scales involved and the interplay between ance concerning conditions around the E-W runway.

the meteorology, aircraft, and the aircraft control The southeast LLWSAS site did provide information

System. This summary indicates the need for quick at a critical juncture concerning a 38 kt wind,
response qvstems at every level when encountering a which guided flight A17 'n making a decision to go

sicrnohort hIazard (detection, dissemination, and around. However, the wind shear danger was first

ni ririft re.upome) reported by the pilot of flight F244. At about

1414 a region of blowing dust was noted. Pilots

Wind Shear Event of 14 July 19812 Measured and control used all available information In this

by Surface Sensors situation.
The I,,WSAS functioning as 2 a component of the Another aspect of the operational communication

JAWS experiment (Bedard et al. ) detected an abrupt system is illustrated in Table 2. Transcripts from

windshear event on 14 July 1982. The Portable the ATIS communication tapes broadcast before and

Automated Mesonet (PAM) nf the National Center for after this series of windshear problems do not warn

Atmospherie Research (Brock and (;ovind ) .pe.rated of the meteorological windahear hazards being en-

In a reg ton inI lidnog the airport -.nd alq, provide,I c-ountered in the terminal area.

14i d. ugut . , I , -ul I suma i e, I he.t. d it I mIA

i." l. J r,,s At I,, 0 lie 1,,'.t i 011, t h The message previ.u, to those sppearin l -

me lo t e I1., :11 1 \'p I.Ie I" , Iul','- '. Table , was at 135,' I'ST. Phe wi-. )"

meqSage KlL> (I14l MST) lust print t, the (-ve t do)

* FigomeR IA, 11h, and IC lit wind 11i , ,q agree with thnst, recorded by the 1.LWSAS. At

tirectin informat i.. ohtaintd by thc I.WS" 1 " , tim- of [he meeSase the LLWSAS ce.qtrfield

three intervals ( 14o',-141 ' MI)T) l,',I" ,-I ' 12% 40r, , I wioklq were 08q at 4 kt. No significant gusts were

1429-1432 MIDT) . Figure.s 2 and I pr......t ,dat i r ... .ured during the previous 19 mln at any LI.WSAS

both the LL.WSA!: and 'AM arrays at th,, timei if the site. The reason Is that an additional anemometer
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Table I. Pilot/controller communications hetween 140-/ nd i 1 n MnT

Local Control # 2 (E-W) i = ,-i't C - Controller

Time (MDT) Flight Details ,E site Alarm

h min R LLWSAS wind- 'A)

14 07 50 [F2441 C - wind calm 072 ( 9 kt

14 09 1o [A17] C - wind calm 067 ( II kt

14 09 54 054 @ 17 kt (A)

14 10 00 [F244] P - quite a shear @ 300 ft

C - plus or minus

P - minus

JAI71 C - wind Ahear reported

lns of air speed at

300 feet

P - copy

1F244) P - going around

C - how much did you lose?
p - had to go almost to take

off power to catch it

14 10 2P 040 ' 39 kt (A)

14 I 40 JAI71 P - wind check
C - CF wind 1300 @ 4 and 039 (a 33 kt (A)

EW wind where you ire

040 @ 38
P - we are voing to have

to go around

14 11 20 [AI] P - we are going to have 046 R 12 kt (A)
to ret a stabilized
wind to land

C - worst one we got Ls not

there on the east-right

now it is down to (70 0 1 s)

F244] P - we are going to try It

Aga In. We would like to

have a - ??? - this time

and give you an idea

where it is

i [I'A4611 C - CF wind 150 ( 4, EW wiod

050 ( 20 want to try it or

go around?
p - 20 knots, no we can't do

that

12 17 057 'a II kt (A)

I ', 1, C F.14 got qnm, pretty good
dost ahoot 2 out; v'i can

probahly see It; rli ht her,.
It Ic hlhowinri if)) M 4 CF and

K-Wl 010 (8 9 knotq

I F2441 P - Thats what got q awhi Io an

C Think so; ahout time voo r(e-

ported it, I got it here; it

pot tip to 38 knots real quick
P - We had to go to takenff to

stop that sinker

Iahd In," 1 dlrats thatt cil In..is II,WSA ala'lrms f,)r th- SE Oret appered in the ',nt , I

tfowe betWen 19 min 5'. s and [2 min 37 S.

======================= :: :: :_::::~x> ;;:::.:c
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Table 2. Transcripts from the Air Traffic vicrobaur ;t could easi ly have occurred within

Information System Messages the IIWSAS arrav and gone undetected.

(d) Three ?o arounds on, the FE-W approach occurred
1406 MDT Stapleton arrival information KIT.;) within 10 min, all associated with strong shear

2006 Greenwich weather VFR tempera- to the east of the runway. This series of
Cure 87, wind 360 at 14 gusts to 25, events underlines the value of executing go
altimeter 29.99. Expect profile arounds during potentially dangerous wind shear
descent vectors for visual approach. situsitions.
Landing runways 35L 35R VFR.Arriv-
ala landing Stapleton Contact Rp- (e) The use of p~lot reports, LIWSkS measurements
proach north 120.5 south 120.8 for of shear, and visible indications (blowing
TCA clearance. Advise you have KILL), duet) helped aircraft avoid the region of

dangerous shear.

1654 MDT Stapleton arrival. information LIMA
1054 Greenwich weather VFR tempera- (f) The fact that thie AT.S tapca nade no mention of
tore B4, wind 360 at 16, altimeter the hazardous cnnditions Lidicates the need for
30.00. Expect profile to clear vec- upgrading the system to provide sire cuirrent
tors approach runway 35 VFK. Arri- Information.
vats landing at Stapleton contact ap-
proach north 120.5, south 120.8 for (g) There is a need to ise clear terminology in
TGA clearance. Advise you have LIMA. making pilot reports. The recommended method

_______________________ __________________for wind shear reportiing Is to state the loss

or gain of airspeed, the altitude at which it
occurred, and the 1ocat or, i-d type of air-

located near the north LLWSAS Rite Is usqed With an craft. Suich pilot repirts can he critical to
anal og readout in preparing ATIS messages * This helping fol lowing. a) rrraft 4volid dangerous wind
non LIWSAS anemometer is preferred by controllersi shear.

*because of its "faster upidate rate". The pre-
ference For use of this independent Ane11monte r nay
also reflect the fact that the north LLWSAS site tdindshear, detetin -i os either improved
had inst rument 2problems which casqed it to read low LLWSAS or remote ';-"iga~tone ee'd to pro-
(Bedard et al. ). These transcrints indicate that vide for rapid diqtrlionti)'n if lionari information.'
the ATIS Is not presently configiired to respond to This Case ,tUJV losCrihint' j, evolving system and
rapidly changing systems such as -,icrobLroits, ad associated aircraft, problene Indicates that time
times of increased work loads do not permit: mianual scales of 10's of seconds ca-n he critical to opera-
up-dating to ensure that current Information i,, tions. There is a ):reat niel to deternine if there
available. We direct these crriicai remarks to- exists precursor (nfor.n-ton (which would, e.g.,
wards the basic capabilities of the present ATIS permit Doppler radar deterct ion cif I dovoh-.irqt at or
system which require time for An operator to lot- near cload base). Fulita nd~ Wakimoto 4s ug ges t -

tialize. It is technirall: feasible, to make a that Upper level circoLations may be associated
large segment oif the ATIS message auoai ihr with dowohburstq. Fe-ist Log 'Iits bases shoull he
through the use of a voice qvntliesi zer al/,or a carefully exo iini (e.g. ii.alvt oi s of the l15dS data
data link with graphics d isp1 ap. Dlesigns fur the( haveo is ;ow prorc') tog) t ,detect correla~tions
Automated Weather 0ose rv i eg System (AW(LS) , now beutween downhurs ts and the preceding meteorological
being tested for small , inmannod iirports tis- voic- conditions.
synthesizers to update messages; essentially in real
time. Simi lsr tichnology should he aplIted ti

update ATES informAt [on t ransier capakbiIties9. Icknowledgmeintq

,;timmaRryv We are, most girateril to, l.1os'd Stevenson of the
nlepartment of Toan liotat ion, Research and Special

*The m c rohuor,4t oircurrlnl og' f thi- vi,,( t rd 0 aro9, rams AAli n i F; cit I oi,., Trans9porvta t ion Systems
thle F-W rttnwa v a t St, pIet Cn In-)T 1ior 1a i rnaI Airporti Cen teor for ink Iin av -ii I shl t raosRc r Ipts, o f the
no 14 hity 19R2 providesi gi~odance concer iiit liv 1Denver Al r 7ral fir Cont rol 7-momnticat ions; tapes for
temporai And spatia sca q-les rtequl red fur providinog I ,u, .10 V
detect ion .ini wAri ig. TI i' in po1)r t A!t fentorc:q of
the *intrnhiirs t telA' ais it"'! opeoritba ,sios i-s, Apprxi -sn,iv i- scietists,, e-nginieers, tech-
are Cii,- ful lowing: 1,Ia's, ;,I I v, v;iakers, iln) ionislt rotors were

*ltrr-1 v lnv iiv;-d I s reseoarch dorlig, thie lkiS Pro-
n () The lifetime 'if the vget-ioar,:e it the ThT'1,SA': oct. ve thavnk tIu(m all I, ! ut es pec Iall 1Y Robert

ite was ahout r ') s; hf. sire, ,vo lye- at ti-c nerofn, t ir', 1,r)r o f -, ls- Atmosp, ihe r ic TechlnolI og v
surface sit i it Les4s han; VI I. Plait In Cf kXAR; isi i-cuot 

5
cs, irec tor of NCAR;

' iv 11 1 Cs ino rnite, LAWS; Pisect Admnnstritor; a nd
(h) Pit, peak gust nasuc at liii cilo't 1'4' st-i )I, Iho Ic y ikr lSWq Proj-t Admtinitrative Secre-

I o, locat-A IP44s than 0-01i 1/? im trcm ti, tar'. TAWS is tuiod- by NCAR, NqF, the FAA through-
Sit IiWS vd I i0l' i/i I. ItWSI\A --,titlon 

5
,v iro te~ra;enev -*Iutc,,int )TFAIl-it-Y-10")lI. NASA

hlui hli s Iiillt-i t , if' tu e1 - ri Ii, it i~d'> tsr1i ogl Inlt Ig iv Nireemi t q1-01149, antd NOA
Itoo it ''" pie-sIoal pre-' il i ao i: ti -, I ototi ior Itie I g v -- ' fit alith te ti rog ram

-uip.trau -'' tin ro~t f.'' i.-, 11;ini t"- I-in i-i '- r:- I' Ih Sr i-es of

(c) Ttte nicrihirst was nit hi. t ti -

suIr IAce si u' t aI thliiugh -v.- ci ti W. I q

t ar. I kru f rom tuhe SK J.iWSA S I I / i. , tn
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